pomegranate juice or marketed products. The aim of this work is to evaluate the 23 antioxidant effects of pomegranate juice on cellular models using hydrogen peroxide as 24 an oxidizing agent or DPPH and superoxide radicals in cell free systems. The 25 antiproliferative effects of the juice were measured on HeLa and PC-3 cells by the MTT 26 assay and pharmacologically relevant enzymes (cyclooxygenases, xanthine oxidase, 27 acetylcholinesterase and monoamine oxidase A) were selected for enzymatic inhibition 28 assays. Pomegranate juice showed significant protective effects against hydrogen 29 peroxide induced toxicity in the Artemia salina and HepG2 models; these effects may 30 be attributed to radical scavenging properties of pomegranate as the juice was able to 31 reduce DPPH and superoxide radicals. Moderate antiproliferative activities in HeLa and 32 PC-3 cancer cells were observed. However, pomegranate juice was also able to inhibit 33 COX-2 and MAO-A enzymes. This study reveals some mechanisms by which 34 pomegranate juice may have interesting and beneficial effects in human health. 40 Pomegranate, scientifically known as Punica granatum L. (Punicaceae), is a tree 41 originally from the Himalayas. This species has been cultivated since antiquity in the 42 Mediterranean and Southeast Asia, being also introduced in other areas such as tropical 43 Africa and California 1 . It is a large-long lived tree, being able to reach three meters high 44 with numerous branches. Its bark is grayish-green, bright green leaves and red flowers.
Introduction

45
The fruit is red and round, finishing in five triangular lobes, containing numerous seeds 46 separated into groups by a membranous yellowish-white pericarp 2, 3 . This fruit has been 47 appreciated by numerous civilizations such as the Greek and Egyptian 4 , and has been 48 used in traditional medicine, especially in Ayurvedic medicine, for the treatment of 49 various diseases such as diarrhea, diabetes, ulcers, parasitic infections or bleeding 5, 6 .
50
Medicinal plants and natural products have played an important role in drug discovery.
51
They are relatively cheap and available, and their use depends, many times, on the 52 ancestral experience. In developing countries, traditional medicinal plants remain very 53 important in healthcare as they are used either as medicines or nutritional supplements 7 .
54
The interest in this fruit as a nutritional or medicinal product and its therapeutic 55 applications have increased significantly in recent years due to their potential beneficial 56 effects on health, based on the presence of antioxidants, which may protect the human 57 body from free radicals, oxidative processes and progression of many chronic diseases 8 .
58
Beverages produced from fruit juices may be an interesting source of phytochemicals 59 and antioxidants, contributing to prevent oxidation of biomolecules such as DNA,
60
proteins, lipids and other cellular components 9, 10 First of all, the toxicity of the juice was tested by the brine shrimp (Artemia salina) 131 lethality assay 23, 24 . Commercial dried cysts of brine shrimp were hatched in seawater wells without treatments and shrimps exposed hydrogen peroxide were also prepared.
141
The viability of Artemia salina nauplii was studied every 24 hour for 3 consecutive 142 days. were dissolved in DMSO and absorbance was read at 550 nm in a microplate reader.
154
The protective effect of PJ against toxicity induced by H 2 O 2 in HepG2 cells was carried 155 out using the MTT assay. Cells were seeded as described above and treated with non- The following enzymes were selected because they are pharmacological targets for anti-
199
inflammatory, anti-hyperuricemic, cognitive-enhancing or antidepressant drugs. 
Inhibition of ciclooxygenases (COX-1 and COX-2) by enzyme immunoassay (EIA)
201
The capacity of PJ to inhibit COX-1 (ovine) and COX-2 (human recombinant) was 
Inhibition of xanthine oxidase (XO)
206
The effect of the juice on xanthine oxidase was also evaluated by measuring the 
Inhibition of acetylcholinesterase (AChE)
211
The activity was measured using a 96-microplate reader based on Ellman's method. 
Inhibition of monoamine oxidase A (MAO-A)
219
The bioassay was performed in a 96-well microplate (Olsen et UV-visible spectra with standards acquired in Sigma (Figure 1 ). 
242
Protective effects of pomegranate juice against hydrogen peroxide induced toxicity
Antioxidant activity in cell free systems
262
The DPPH radicals scavenging effects of PJ and ellagic acid are shown in Figure 4 . The 
Antiproliferative activity in cancer cells
274
Pomegranate juice showed dose dependent antiproliferative effects in both HeLa
275
(cervical cancer) and PC3 (prostate cancer) cells ( Figure 6 ). Significant differences were 276 detected at doses over 0.125 mg/ml in HeLa whereas statistically significant differences 
Inhibition of XO and AChE
290
The extract did not exert activity against these enzymes (data not shown). were studied. PJ, ellagic acid and clorgyline inhibition of MAO-A is shown in Figure 8 .
296
IC 50 values were also calculated using a nonlinear regression with GraphPad Prism. IC 50 297 were 69.5 µg/ml for PJ, 0.705 µg/ml for ellagic acid and 0.024 µg/ml for clorgyline. 
Discussion
300
Pomegranate juices and products are widely considered as a natural source of different 301 antioxidant compounds and some studies support these claims. The antioxidant activity 302 of this fruit is generally attributed to phytochemicals of the polyphenol type 30 .
303
In our phytochemical study, total polyphenols were 25.6 ± 0.9 µg GAE / mg of polyphenolic compound was ellagic acid, followed by punicalagins. This result
307
demonstrates that the PJ used in this study may be a good source of phenolic 308 compounds; however, other research works show different levels of polyphenols (from 309 144 to 10,086 mg GAE/ L) 31, 32 . These differences may be due to the origin of the fruit, 310 the juice manufacturing method or how polyphenols were quantified.
311
The protective effects of pomegranate juice (PJ) against toxicity induced by hydrogen 312 peroxide were measured using living organisms such as Artemia salina and a cellular 313 model based on HepG2 cells. In both cases, the juice showed significant differences aqueous pomegranate seed extract 33 . In this case, the reduction of toxicity enhances 21
323
% when cells were pretreated with 100 µg/mg of the extract.
324
In the cell free systems procedures, PJ has shown great ability to reduce free radicals.
325
The antioxidant activity of ellagic acid in cell free systems was also measured because 326 this compound is considered to be bioavailable after oral ingestion of pomegranate juice 327 and first pass metabolism 34 . The DPPH radical is widely used as a model to evaluate the 328 antioxidant activity of compounds and extracts 35 . PJ has shown an ability to reduce for ellagic acid and pomegranate were similar. These differences may be also due to the 335 presence of other polyphenols, and also for the synergy of actions of these components.
336
The xanthine oxidase system is a more relevant method of generating free radicals in 337 biology as DPPH are artificial radicals that do not exist in physiological systems. As PJ calculated by non-linear regression (8 µg/ml for PJ and 12 µg/mg for ellagic acid).
420
There were no significant diferences between IC 50 values of pomegranate juice (PJ) and 
